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satellite data obtained fr o mthe NO A As e rie s of mete o r ol gic als atellite s
andthe M E TE O SAT geo stationarys atellite a r e ope r atio n ally u s edin ne a r
-
r ealtim eto pr ovide obje ctiv e a s s e s s m e ntof fa min e e a rly w a r ni gfor
Afric a. Adv antage s ofthe u s e oftim e
- s e rie s s atellitedata a r etim elines s
and c o n site n cy. When co mbin ed withgr o u nd- c olle cteds o ci() e c o n o mic
info r m atio n, a nintegrated a ss e s s ment of distributedagric ultu ralpote ntial
ispo s sible at afr a ction ofthe c o stoftr aditio nalin v e ntorie s. Thisis the
ap pr o a chtaken bythe U.S. Age n cyfo rbtern a也onalDevdopm e nt
'
s
Fa min eEa rly Wa r ningSyste m(PEW S) and by the United Natio n
'
sFo od a nd
Agric ultu r eOrg aniz atio n
T
s Fo od Se c uritypr ogr am･ In ad ditio nto pr o viding
spatially c o ntin u o u s and obje ctiv einfor m atio nin atim elyfa shio nfo r a
c o mplete c o ntin e nt,the s e s atellite
-ba s ede a rly w a r ni gsy主te m s e n able
fa min e r eliefr e s o u r c e sto be dir e ctedto tho s e a r e as m o st affe cted ata
fra ction of the c o st ofprevio u s m ethods ofr elief al1o c atio nforA fhc a･ ･ In
ad ditio n, r e c e nt w o rkr elatingEINin oSo uthe m Os cillatio n e v e ntsto
A 打ic an v eg tatio ndynamic s s ugge ststhatfamin e e arly w年mingin
s ele cted a r e a s of A fHca m aybe dir e ctlyr elatedto s e a surfa c etemper atu r e
an om alie sin thetr opicalPa cific.
Ba ckgro und
La rge a r e a s ofAむic aha v e e xperie nceds e riou sdr o ughts res ultingl n
agric ulturalsho rtfal lsin r e c e ntyea rs. T hishasbe e n m o stevide ntin
Sahelia n a nd Sudanian Afdca, whe r e a ru n of deficie ntpre cipitatio nye a r s
begin ning abo ut1 970 has oc cu r r ed wi也 1 9 84being 血e drie styea rthis
c entu ry(fig. 1). The r e a s o n sfo rthis c u rio u sandpe rsiste ntr u n ofye ar
afte rye a r of belo w a v e r age r ainfal la r e notu ndersto od･ Sugge sted
clim ate syste mfo r cings o rexpla n atio n sinclud色1a rge
-s c alela nd sllrface
m odificatio nfr o m o v e rgr a z lng andtr e e cutting,in c r e as e sin atm ospheric
du stfr o m a nthropoge nic c a u s e, and u n u s ual Atlantic and lndian Oc e an
se a s urfac etemper atu r e c o nditio n s. W hether thisis n atu ralo r/ and
a nthr opoge nicin n atu r e,theSabelian rainfallsitu atio n sin c ethelate
19 6 0
'
sis r athe r u n u s u ala nd w a rr a nts detailedstudy. Ho w e v er,it is
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im po rtantto n otethata high degr e e ofwithin -ye a r v a riabilityals oexists,
a s will be sho w nlate r.
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Figu r e1. Shar o nNichols o n
T
s r ainfal depa rtu r efo rSahelia nAfhc afro m1 9 0 0to
199 2･ NDtethe u n u s u al ru n of drie rye a rsffo m thelate 196 0
T
sto thepr e s e nt.
Serio us dr o ughtsin Afric a w e r e n otli mi tedtoSahelian andSuda nia n
Afric aduringthe 19 8 0
T
s a nd19 90's. In 198 2-19 8 3Southe r n a nd Ea ste rn
Africa expe rie n c edsignific antpr ecipitatio n sho rtfal ls;si mila rdr o ughts als o
o c c u r r edin
_
thelate 19 8 0's a ndin 19 91-19 9 2. Itu nfortunately s e e m sto
bethe c a se 也 ats e rio u sdr o ught isfr equ e ntlypr e s e nts o me wherein
Afric a, with the a.tte ndantc ons equ e n c e s of famin eife xte r nal fo od reliefis
n ots up plied.
As m u ch of A fric a･ is based o n subsiste n c e agn c ultu r e, s erio u sdr o ughts
ofte n r e s ult in wide spre adfa min e, s o m etim e s e x a･c e rbated bypolitical
in stability a nd e v e n civilw a r. Dono r- c o u ntⅣ r eliefa ctivitie sto pr e v e nt
fa min e sfr o mde v elopingha v ebe e n c o mplic ated byla ck ofqu a ntitativ e
info r m atio nde s c ribing a ctualc o nditions a nd thatfa min e c o uldn otbe
anticipated･ Frequ e ntly, tr aditio nalinfo rm atio nde s cribingfa min e
m agnitude a nd spa也alexte ntisinco r recto rhighly c o ntradi⊂to Ⅳ .
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Fu rthe r m o r e,in tim e s ofs erio u sdr o ught it is n otu n c om m o nfo r m a ny
a r e a sto o v erstatethe m agnitude oftheirfo odr equlr e m e ntStO m a ximize
don o r r elif fortheir spe cifica r e a s,in the pr o c e sspe rhaps
rde nyingdo n o r
relief fo rtrulyde s e rv i nga r e a s. Thes efa cto rsled theFo od and
Agric ultu ral Orga niz atio n ofthe United Nations(FA O)a ndthe U･ S･ Age n cy
fo rInter n atio nalDe v elopn e nt(USAl D)to begin fa min e e a rly wa r ning
pr ogr am sba s ed,to ala rge e xte nt, upo nNOAA adv an c edv e ryhigh
r e s olutio n r adiom ete r(AVH R R)a nd METEO S A Ts atellite datain 1 9 83･
Thistopic ba島previo u slybeen r e vie w ed by Hutchin s o n(19 91)I
Tw o s a.tellitete chniqu e s ar e u s edin famin e ea rly w amingfo rAfric a:
No r malized diffe r e n c e v egeta.tio ninde x(NDVI)m e a s u r e m e nts deriv ed
fr om daily adv an c edv e ryhighr e s olutio n r adio n ete r(A V H R R)datafr o m
也e Na也o n al Oc e a nic andAtm o sphe ric A dministr ation(NO A A)s e rie s of
polar
- o rbiting m ete or ologicals atellite s(N O A-7, N OA A-9, N OA A-1 1,
NO AA -9, and n o wN O A ん14); andc oldclo uddu r atio n r ainf alle stim at.e s
deriv ed fr o mM ETEO SA Tge o statio n a ry s atellite data･ Whileboth s atellite
datatype s a r e u s edin fa mine e arly w a ning,I willfo c u sla rgely o nthe
N OAA A VH R Rn o r maliz eddiffe r e n c e v egetatio nindex m ea s u r e m e nts･
N O A A ÅV H RRSatellite Data
T he N O A A- s e rie s ofsu n-syn chr o n o u spolar
- o rbiting m ete o r ol gical
s atellites orbit at a naltitude of -8 5 0 km andhave adaytim e o v erpa sstim e
of ～ 143 0 ho u r sloc alsohrtim e. T he A V HR Rsen s o r s c a n s-5 50fr o mn adir
and c o mplete co v e r age ofthe e a rthis a v ailabletwic edaily at a spatial
r e s olutio n of - 5.5 x 3.3 km at the s atellite s ubpoint. Dailydatafr o m
cha n n els 1(0.5 5-0.7 0〃m),2(0.7 2-1.1〃m), a nd5(11･5
-12･5〃m)w e r e
u sed with a s c a n a ngle of400 o rle s s, pr o c e s s edto pr odu c ea v egetatio n
inde x of(2-1)/(2＋1), a nd for medinto 101day m axim u m valu e c o mpo site s
a洗e rHolbe n(1 9 8 6). C ha n n el 5was u s ed a s aclo ud filte r whe r e e v eヮ
pix elc o ole rthan 1 20C w a slabeled a s a cloud･ Holbe n(19 8 6)a nd Holbe n
a ndFr a s e r(19 85)have sho w nthat m a ximu m valu e v egetatio ninde x
c o mpo site s sim ultan e o u sly mini miz es c an angle, atm o spheric effe cts･
clo uds, a nd al1othe rdegr ading effe cts upo nthe vegetatio ninde x･ Ev e ry
7.6km grid- c ell ha s- 6-7 pote ntialdata v alu esto cho o s efr o m e v e ry lO
-
day pe riod. T he N O A A AVHRR data a r epr o c e ss edintothree
■'1 0-day
II
c ompo siteim age s e v e ry m onth:fr o mday1to day 10;fr o mdayllto day
20;a nd fr o mday 2 1tothe e nd oftbe m o nth･ A m onthly c o mpo siteis als o
pr odu c ed.
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The n o rmalized diffe r e n c e v egetatio ninde xis a n o n-de stru ctiv e e stim ate
ofthe photo synthetic pote ntialo r c apa city ofthe ar e a meas u red afte r
Selle rs(1 9 85, 19 8 7). Co n s equ e ntly, whe n n o rm aliz ed dife r e n c e
v egeta･tio ninde x m e a s u rements a r e m ade o v e rtim etheypr ovide
info r m atio n o nthetim ehisto ry ofthe photo synthetic pote ntialo r c apa city
which ha sbe e n sho w nto be highly r elatedto total bio m a s spr odu ctio n.
T his a s s u mptio nha sbe e ntestedin theSahelian z o n e of We st Afric a whe r e
Tu cke r etal.(19 8 5)a nd Prin c e(1 91)ha ve sho wn m ulti-te mpo r al N O A A
A V H R Rn o r maliz ed diffe r e n c e v egetatio ninde xdatato be dir e ctlyr elated
to he rba c e o u s abo v e-gr o u nd bio m a sspr odu ctio n.
Bio m as spr odu ctio n andgre en v egetatio nde n sity a r e u s ual lyclo s ely
r elatedto pre cipitationin gr a s sla nds a nds a van n a s. Pr e cipitatio n c e a s e sto
bethe prim aryfa cto rin prim a ry pr odu ctio n whe nthe r ainf allisgr e ate r
tha n - 70 0-8 0 0m m/yr(La m otte a ndBourlie r e, 1983;Le Ho u r e o u a nd
Ho?e, 197 7;Nichols o n et al., 19 90). T he relatio n ship ofpr e cipitatio nto
gr e e n vegeta.tio nde n sity a nd bio m a s s o rprim a ry produ ctio ndepe nds
upo nthe am o u nt a ndtiming of the r ainfal, e vapotr an spir atio n a nd ru n off,
s oilinfiltratio n, a ndthe ability ofv egetatio nto r e spo ndto r ainfal l.
The r eis_u s u ally a str o ng a nd dir e ctr elatio n shipbetw e e npr e cipitatio n a nd
thin o r maliz ed diffe r e n c e v egetation inde x(figu r e2). Si mila r,butslightly
diffe r e nt, r elatio n shipsha v ebe e n r epo rted fr o mother a rid ands emi - a rid
gra s slands ettingsin･Afdc a a nd els e whe r e, althoughfactors s u ch a s
te mpe r atu r e, type ofpr e cipitatio n,timing,inte n sity, etc. a r eals oimpo rtant
(1･a u e nroth, 1979;Nichols o n etal., 1 9 9 0;Ruthe rfo rd, 1 9 7 9;Se ely, 19 7 8).
Figu r e s2 and 3sho wthe r e a s o n s why N OA A AV HR Rn o r malized diffe r e n c e
v egetatio ninde xdata ar e s o u s efulin fa min e e arly w a rningdete ctio n-
they ar edir e ctlylinkedto pr e cipita.tio n and he n c eprim a rypr odu ctio n.
T he data s etpr e s e ntlyin u s efr o mJuly198 1to the pr e s e nt is a7.6 km
gridc ellsiz e equ al- a r e apr oje ction NDⅥ pr odu ctfo rAfric a. In e a rly19 9 6,
this data s et will be r epla c ed bya6-km grid c ellsiz edata pr oduct
compris ed of 也e N D Ⅵ, a s o ciated cha n n elv alue s, pixela一喝ula r
info r m atio n and day ofa cquisitio n, and do ud m ask o v e rlays. Ass o o n a s
e a ch ''lO-day
”
c o mpo siteim ageispr odu ced,itistr an smittedto U.S. Al D
T
s
Fa mine Early Wa rmingO ffic efo r analysis.
- 4 -
0.4
⊂⊂
EE:
=
>■
< _
▼ ■
萱蔓
l
■■■
l )
軍喜
d Z
{O
O )
▼■ -
⊂
tq
¢
≡
0.3
0.2
0.0
N t) VL= ･0,0 64 ＋ 0.00 04(ppt)
●
● ●
●●
● ●
o 2 0 0 4 0 0 6 0 0 8 0 0 1 0 0 0
1 9821･ 9 8 5
Me a n Pr e clpltatlo n (mrnlyr)
Figu r e21 Co r r elatio nbetw e e nthe a v e r age 19 82-19 85n o r m alized diffe r e n c e
v egetatio ninde x and the198 2
1 9 85statio npr edpitatlo n atspe clflc r epo rting
m ete o r ol gic alstatio n s. Notethehighdegr e e ofc o r r elatio nbetwe e nthe s etw o
v a riables(fr o mTu cke r etal., 1 99 1).
Famin eEarly Wa r ning An alysls
When thetim e s erie sof AVHR Rn o r maliz ed diffe r e n ce v egetatio ninde x
data a r e a v ailable･?imple c o mparis o n s a m o ng year s s erv etoide ntifya r e a s
within Afhc a e xpe rl e n Cingdr o ughta nd henc ethepote ntial fo r s ubs equ e nt
famin e. Fo r e x am ple, within theSahelian z o n e(br o adlydefin ed a sthe
lo ng-te r m2 0 0to 4 0 0m m/yr pre cipitation z o n eim m ediatelys o uth ofthe
Sahar a), AVH R Rn o r maliz ed differ e n ce v egetatio ninde xdatafr o m1 9 8 0to
19 9 4 ide ntify m arked diffe r e n c e s am o ng thr e ege ogr aphic sub div sio n s of
this e c ol gicalo r clim atic z o n e(fig. 3).
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Figu r e3I T he ave ragegro wings e a s o n n o r m ali2:eddiffe r e n c e v egetatio ninde xfo r
theSahelZo n eisdis aggr egated in a w e ste m c o mpone nt(theAtla ntic Oc e a nto 60 w),
a c e ntralco mpo ne nt(60 w td2 30E), and an e aste r n c o mpo n e nt(230 Ito the Red Se a).
T heSahelZo n eisdefin ed a sthelo ng-te r m20 0-4 00皿 n/yrpr edpitation zo n e(s e e
als oTu cke r etal. 1 9 91).
Fo r e x a mple, ve ry simila rn o r mal iz ed diffe r e n c e v egetationindex value s
we r efo u nd fo rthe Weste rn, Ce ntr al, and Ea ste r npo rtio n s oftheSahelia n
Zo n efr o m19 8 0to 19 8 3andin 19 92to 1 9 9 4. In c o ntr a st,fr o m1 9 8 9to
19 9 0and again in 1 99 3,theEa ste mSahele xhibited highe r n o r maliz ed
diffe rence v egetatio ninde x valu e sthan the Central Sahel, which in tu rn
w a shighe rtha nthe We ste r nSahel(fig. 4). N O A A A VH R Rn o r maliz ed
diffe r ehFe V egetatio ninde xdatafr o m1 981to 19 95(a nd c o ntin uing)
e nable co mpa lis o.
n sto be m ade pixel bypix el, districtbydistrict, c o u ntry
byc o u ntry,
一
a nd r egio nbyr egio n whidl r e adilyidentiBe s cha nge sin
s u rfa c e c o nditio n sdir e c也yr elatedto prim ary pr odll Ctio n. W he n c o mbin ed
with histo ricals o cio e cono micinfo rm atio n, a m u ch better unde r sta nding
wille m e rge r ega rdingthe agric ultu ralpote ntial fo rthe a r e a(s)in qu estio n.
五NS O Cycle Ano malies andFa min eEa rly Wa r ning
Rece ntlyCa n e et al.(19 94)a nd Myn emietal.(1 9 9 5)ha v e r epo rtedthatEI
Nin oSo uthe r nOs cillatio n(EN S O)cycle s e a s u rfa c ete mpe r atu r e a n o malie s
c a nhighlyinflu e n c eA fric anprim a ry produ ctio n and agricultu ralyieldin
spe cific a rea･s･ Ca n e etal(199 4)ha v e sho w nthatE NS Ocycle s e a s u rfa c e
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te mpe r atu r e a n o m alie s a r e r elat dto m aiz eyieldin Zimbabw e(ngu r e4).
M yme nietal(19 9 5)ha v e sho wn thatE N S Ocycle s e a s u rfa,c ete mpe r atur e
a n o m alie ss eem to be r elatedtoI)r e ⊂ipitatio npatter n sin othe r a r e a s of
Afric a. Both ofthe s etype s ofEN S Ocycle s e a s u rfa c etempe r atu r e
an om alie s a sthey affe ctAfhc an agric ulture andna.turalv egetatio n a r e
pr e s e ntly u nde rdetailedstudyto del:e rmin eto whate xte nt they existand
whe r e within Afric a nthey c a nbege n e raliz ed.
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Figu r e4. Co mparis o nbetw e e nFebru a ry- M a r ch s e a s u rfa c ete mpe r atu r e a nd m aiz e
yieldfr o mZimbabw e(Can e etal., 1 994).
In s u m mary, N OA AAV HRR data a nd o也 ertype s of fa min e e a rly w a r ni g
s atellite-deriv edinfo rm ation(s e a s u rfa c ete mpe r atu r ein thetr opical
Pa cific and M E TEO SA Tdat,a)pr o videin valu able, verytim ely, c o st-
effe ctiv e, a nd ob)
'
e ctiv einfo rmation whichisb色u s edto minimiz ethe
adv e rs e eff cts of famin e within Afdc a. Thisha s r es ultedin tr e m e ndo u sly
redu cinghu m an s uffe ringl n a m u ch m o r e e co n omical m an ne rthan is
c o m m o nly r e aliz ed. Witho uts atellite data,thistype of hu m a nita ria n w o rk
w o uld n otbe po ssible.
- 7 -
Refe r e n c e s
M ･ A･ Ca ne, GI Eshel, a W･ Buckland,1 9 9 4. Fo r e c a stingZinbabw e a n maiz e
yieldusing ea ste r n equ atori al Pa cific sea s u rfa c etemper atu r e. Natu r e, 370,
204-205.
Holbe n
,
BIN･, 19 8 6, C har a cte ristics of m a xim um - valu e c o mpo siteim age s
fr o mtemporal A VH R Rdata. Inte m att
'
o n alJo u m alofRe m ote Se n sl
'
ng, 7,
1 417-1 434.
Holbe n, B･N･ a ndFr aser, R･S･, 19 84, Red a nd n e a r-in丘
･
a r eds e n sor re spo n s e
to off- n adir vie wing･ Inte m ati
'
o nalJo u m aLofRe m ote Se n sL
'
ng,5, 1 45-16 0.
Hutchins o n, C･ F･, 19 91･ Use ofs atellite datafo rfa min e e arly w a rningin
s ub-Saha r anAfdca･ Inte m ati
'
o Ll atJo u m al ofRe moteSe n sing, 1 2, 1 4 051
14 2 1.
La m otte, M ･ a nd13o u rlie r e, F･, 19 8 3, En e rgyflow and nu trie ntcyclingl n
tr opicals a v an n as･ In TT OPl
'
cal Sa v a n n a s, Ec o syste m s ofthe Wod d, 1 3, F.
Bo urlie r e, edito r(EIsevie r, Ne wYo rk), pp. 58 3-61 2.
La止e n r oth, w .K., 1 979, Gr a s sla nd prim a ry produ ctio n :No rth Americ an
gr a s slandsin pe r spe ctiv e･ In Pe rspe ctl
'
v e s )
'
n Gr as sland Ec ology, edited by
N ･ Fr e n ch, Springe r-Ve rlag, Ne wYo rk, p p. 3- 2 4.
Le Ho u e r o u, H･N. and Ho ste, C.H., 1 97 7, Ra ngela ndpr oductio n and a n n ual
r elatio n sin the Medite r r a ne a nBa sin a ndin the A fhc a nSahelo-Suda nia n
Zo n e.J. Ra nge Ma n age., 3 0, 181-1 8 9.
Myn emi, R. B. ,Lo s,S. 0” and Tu cke r, aJ., 1 99 5, Satellite-ba sed
ide ntific atio n of linkedv egetatio nindex and s e as urfa cete mperatu r e
an o m aly are asfr o m1 9 8 1- 99 0. Submittedto the]
'
o u rnalofclim ate.
Nichols o n,S･E･, Da v e nport, M ･L･1 a nd MaloI A･R･, 19 9 0, A c o mparis o n ofthe
v egetatio n r e spo n s eto rainfallin theSahela nd Ea stA fric a, u sl ng
no r mal iz ed differ e n c e v egetatio ninde xfr o mN O A A A V HR R. Clim ate
Cha nge 17:2 0 9-2 42.
Princ e,S･D･ 1 9 91,Satellite r e m ote sensing ofprim a ry pr odu ctio n :
c o mpariso n ofr e s ultsfo rSahelian gr a s slands19 8 11 9 8 8. Int.J. Re m ote
gens. 12:1 3 0 11 3 1 2.
- 8 -
Rutherfo rd, M .C., 1980, Annualpla ntpr odu ctio n- pr e cipitatio n r elatio n s
l
in
arid ands emi- arid r egio n s･ So･ A fn
'
c a zIJ･ Sde nce, 7 6,53-5や･
Selle rs, P.Jリ 1 9 8 5, Ca n op yr ene cta n c e, photo synthe sis, a ndtr a n spir atio n.
Int. J. Re m ote Sens., 6, 1335- 137 2.
Sellers, P.J., 19 87, Ca･n op yr efle ctan ce, photo synthe sis, andtra n spiratio n.II.
The r ole of biophysic sin thelin e a rity oftheirinte rdepe nde n c eRe mo te
Se a s. En v7
'
r o n., 2 1, 1 43-1 83.
Se ely, M .K., 1978, Gr as slandprodu ctivity:T he dese rte nd ofthe c u r v e. So.
Afr.J. Scl
-
.,7 4, 2 95-2 97.
Tu cke r, C.∫., C ユ. Va npr a et, M .∫. S ha m a n, a nd G. Va nltte r s u m, 1 9 85,
Sat占11ite r e m ote s e n sing oftotal he rba c e o u sbio m a s spr odu ctio nin the
Se n egale s eSahel:1980-198 4. Re n l OteSe n s. En vir o n., 1 7, 233+249.
Tu cker, C.J., Dr egn e, H. E., a nd Ne w c o nb, W . W ., 199 1. Exp an sio n and
c o ntr a ction oftheSaha r aDe s e rtfr o m1 9 8 0to 19 90. Scie n c e2 5 3, 29 9-3 01.
Tu cke r, C.J., Ne w c o mb, W . W ., and Dr egn e, H. E.,19 94. A V H R Rdata. s etsfo r
dete rmin atio n of de s e rtspatiale xte nt. Inte m ati
l
o n a)Jo u L'halofReL210te
Se n sl
'
ng ,1 5,3 5 4 7
13 5 65.
- 9 -
